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Abstract

Epigenetic modifications, such as DNA methylation, can occur in response to environmental
influences to alter the functional expression of genes in an enduring and potentially,
intergenerationally transmissible manner. As such, they may explain inter-individual variation, as
well as the long-lasting effects of trauma exposure. While there are currently no findings that
suggest epigenetic modifications that are specific to PTSD or PTSD risk, many recent
observations are compatible with epigenetic explanations. These include recent findings of stress-
related gene expression, in utero contributions to infant biology, the association of PTSD risk with
maternal PTSD, and the relevance of childhood adversity to the development of PTSD. The
relevance of epigenetic mechanisms to formulations of PTSD for the DSM-V is described.
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The extent to which individuals are defined by their experiences and memories is at the heart
of many of the controversies that have surrounded the diagnosis of PTSD. Prior to this
diagnosis, the prevailing view — as exemplified by the DSM-I1 diagnosis of ‘transient
situational disturbance’ — was that symptoms emerging in the aftermath of an adverse event
would pass. Consistent with stress theory, the expectation was that once the threat associated
with an event was no longer present, the survivor would eventually recover from any
lingering effects, and return to normal (pre-traumatic) functioning (American Psychiatric
Association, 1968). Long-lasting effects were attributed to pre-existing constitutional
problems, and not to the environmental exposure (Yehuda & McFarlane, 1995). The PTSD
diagnosis explicitly recognized that the consequences of a cataclysmic exposure could be
enduring, and provided validation of the subjective perception of trauma survivors that
undergoing a watershed experience may result in an existential transformation. Indeed,
many trauma survivors anecdotally describe their post-traumatic selves as fundamentally
changed from their pre-traumatic selves. Even recovery from PTSD is not viewed by
survivors as a return to one’s pre-trauma state, but rather as a resolution of symptoms in the
context of the transformative nature of the traumatic experience.

In the years following establishment of the PTSD diagnosis (American Psychiatric
Association, 1980), it became clear that there are marked individual differences with respect
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to the type of symptoms experienced after trauma as well as in the duration and course of
these symptoms. First, not all persons who are exposed to trauma develop PTSD (Perkonigg,
Kessler, Storz, & Wittchen, 2000). Second, many persons who do develop the disorder show
spontaneous recovery (Kessler, Sonnega, Bromet, Hughes, & Nelson, 1995). Even so,
remitted trauma survivors are at high risk for a recurrence of symptoms, if not relapse into
full-blown PTSD (Macleod, 1994; Solomon & Mikulincer, 2006), suggesting that there are
aspects of the response to trauma that are long-lasting, despite waning symptoms. Current
bio-behavioral models of PTSD fall short of explaining these aspects of PTSD
phenomenology. In preparation for the next formulation of PTSD in the DSM-V, it is
important to consider biological mechanisms that provide a way of understanding effects of
an environmental exposure in a manner that integrates both pre-existing risk factors and
post-traumatic biological adaptations so as to account for the range of individual responses
to focal events of similar intensity.

This paper considers the relevance of epigenetic mechanisms to PTSD and PTSD risk. An
epigenetic modification refers to a change in the DNA produced by an environmental
perturbation that alters the function, but not the structure, of a gene. Epigenetic changes are
stable and long-lasting, and can, in some cases, be transmitted intergenerationally (Meaney
& Szyf, 2005). Epigenetic modifications that alter gene expression explain how
environmental exposures produce transformational change. When this change occurs during
a critical developmental window, it may serve to recalibrate biological systems to influence
the response to a subsequent traumatic exposure.

The preeminent animal models of PTSD (e.g., Cohen, Matar, Richter-Levin, & Zohar, 2006;
Kesner et al., 2009; Siegmund & Wotjak, 2006; Zoladz, Conrad, Fleschner, & Diamond,
2008) have relied on stress theory, stress sensitization, and fear conditioning to explain
biological mechanisms relevant to PTSD. Epigenetic models complement these approaches
by addressing the persistence of the response to a stressor, which is not well explained by
classic models of stress and fear or the neural architecture of fear. Indeed, the classic
trajectory following the provocation of fear and stress in animals is recovery, and, upon
removal of the stressor, restitution of biological responses towards homeostasis. Fear
conditioning addresses the question of how neutral triggers come to be associated with fear
responses — which is of high relevance to the syndrome of PTSD - but does not account well
for individual variability in fear acquisition and extinction (Reviewed in Stam 2007 and
Ursano et al., 2008; Yehuda & LeDoux, 2007).

The recognition of individual differences in the response to trauma has led to the search for
genetic markers (polymorphisms) associated with PTSD risk (Broekman, OIff, & Boer,
2007). The identification of susceptibility genes and gene by environment (GxE)
interactions in PTSD has been prompted not only by the limited prevalence of PTSD
following exposure, but by demonstrations that PTSD runs in families (Nugent, Amstadter,
& Koenen, 2008). A greater prevalence of PTSD has been reported among trauma survivors
who also had a twin with PTSD (Koenen, Nugent, & Amstadter, 2008) and among first-
degree relatives of persons with PTSD, including children of trauma survivors with PTSD
(Yehuda, Bell, Bierer, & Schmeidler, 2008). Even after controlling for the familial
clustering that contributes to risk for exposure, genetic factors continue to account for
approximately one-third of the variance in PTSD (True et al., 1993).

To date, only few genes of interest have been identified in association with PTSD (see
Koenan, Amstadter, & Nugent, this volume) and even fewer studies have investigated
potentially relevant GXE interactions in PTSD (Table 1, Koenan et al., this volume). Recent
GXE findings associate early (but not adult) adverse exposures with PTSD in response to
adult trauma (Binder et al., 2008; Bradley et al., 2008). The results of these studies may
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explain some individual differences in trauma exposure and vulnerability to PTSD.
Epigenetic mechanisms, however, offer an additional explanation for the impact of personal
and family history on vulnerability, the cumulative effects of repeated exposures,
predisposition to particular trauma types, and intergenerational influences that are reflective
of experience.

The epigenetic model, further elaborated below, differs from that associated with either the
identification of risk alleles or of GXE interactions in which response to an environmental
insult is largely determined by the gene variant (i.e., specific polymorphism) (Koenen et al.,
2008). In the epigenetic model, exemplified by glucocorticoid gene methylation, an
environmental exposure alters the function of the gene, which then biases an individual’s
response to a subsequent traumatic event (Meaney & Szyf, 2005). To date, it is not known
whether there are relationships between genotype and specific epigenetic modifications;
however, it is entirely plausible that genotypic differences may contribute to the
directionality (e.g., methylation, demethylation) or specificity (e.g., methylation, acetylation,
etc.) of epigenetic alterations in response to environmental influences. While epigenetic
modifications may be involved in the interaction of environment with a polymorphism, the
influence of epigenetics does not (necessarily) depend on the existence of a specific
polymorphism. As such, it is appropriate to extend the search for genetic polymorphisms to
epigenetic markers, as both could conceivably impact gene expression and vulnerability to
PTSD.

Epigenetics: A Brief Description

This section will consider how epigenetic mechanisms alter the function of genes to produce
stable, and possibly, intergenerationally transmissible alterations in the expression of DNA.
A gene is a segment of DNA that provides the “instruction” for biological activity (i.e.,
protein synthesis) within the cell. The instruction consists of four bases (guanine, cytosine,
adenine, and thymine) that are repeated in a unique sequence. Protein synthesis is
accomplished in a series of steps, first through transcription of DNA to RNA, and then
through translation of RNA to a protein. In the first step, transcription factors within the cell
read and interpret the DNA instruction and recruit RNA polymerases, which facilitate the
copying of DNA into its analogue, messenger RNA (mMRNA). Cytosine methylation refers to
a chemical reaction in which a methyl group is added to a specific location on the cytosine
molecule; conversely, in cytosine demethylation, a methyl group is removed (Novik et al..
2002). Enduring changes in gene expression are accomplished when such changes affect
transcription factors that then alter gene expression, thus changing the inherited biological
program (Meaney & Szyf, 2005).

Although several mechanisms of stable epigenetic regulation have been described, the best
characterized in the mammalian genome is DNA methylation at the cytosine site (Novik et
al., 2002). Methylation changes within specific regions of a gene can occur at any time in
the life cycle. They might completely “silence” the gene, or, depending on their
directionality, otherwise diminish or augment gene expression (Sutherland & Costa, 2003).
There are many other types of epigenetic modifications (e.g., histone acetylation/
deacetylation) in addition to methylation that can be assessed quantitatively by examining
specific locations within a gene (Sutherland & Costa, 2003). Epigenetic changes are site
specific and must be considered in the context of a specific tissue (e.g., brain region,
peripheral tissue, blood cell). At this time, laboratory methods have been established for the
assessment of epigenetic modifications within an individual gene, and even using genome-
wide approaches using polymorphonuclear lymphocytes. However, interpreting the
functional significance of an epigenetic mark involves obtaining additional measures to
assess the impact on phenotype. Furthermore, as with gene expression studies, it will be
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critical to ascertain the relevance of epigenetic modifications observed in peripheral blood
cells (lymphocytes) to central nervous system functioning.

Cytosine Methylation in Response to Variations in Maternal Care: A
Behavioral Model

A prominent paradigm demonstrating environmental influences on epigenetic modifications
may have implications for PTSD (Seckl, 2008; Seckl & Meaney, 2006). In the rat, variations
in maternal care produce persistent effects on physiological and behavioral responses in the
offspring by programming the hypothalamic-pituitary-adrenal (HPA) axis (Liu et al., 1997;
Francis & Meaney, 1999). These effects are mediated by changes in DNA methylation of
the glucocorticoid receptor gene in the hippocampus (Weaver, Szyf, & Meaney, 2002).

The HPA axis is one of the major endocrine systems involved in coordinating short-term
responses to stress. Alterations in HPA function have been observed in association with
early life events and PTSD, and also with major depressive disorder (MDD) (Pariante &
Lightman 2008; Yehuda, 2002). The observation that differences in early rearing can
recalibrate the HPA axis in an animal model (Francis & Meaney, 1999) has provided an
important paradigm for how environmental exposures can produce enduring modifications
in human HPA axis activity. However, there appears to be a developmental window for
these effects, in that similar alterations in maternal behavior conferred in older rat pups do
not produce the same level of modification of the HPA axis (Champagne & Meaney, 2001).

Initial studies focused on producing phenotypic differences in maternal behavior by
exposing mothers to handling (i.e., removing mothers who had given birth to rat pups
approximately two weeks earlier from their home cage, having them held by an investigator
for a 15 minute period over several days, and then returning them to their pups) (Liu et al.,
1997). Investigators found that such a manipulation resulted in increased licking and
grooming of the pups compared to mothers who had not received any manipulation. Rat
pups of mothers expressing greater licking and grooming had lower cortisol levels in
adulthood compared to pups of (non-handled) mothers displaying lower licking and
grooming (Liu et al., 1997). The responsiveness of glucocorticoid receptor was also greater
in adulthood in the offspring of the handled dams, as demonstrated by a greater suppression
of cortisol in response to low dose dexamethasone administration (Cook, 1999).

Brain studies demonstrated a greater number of hippocampal glucocorticoid receptor
(Francis, Diorio, Liu, & Meaney, 1999), and a greater expression of the glucocorticoid
receptor gene (Nr3cl) in offspring of high licking and grooming mothers. Hypomethylation
within the promoter region of the hippocampal glucocorticoid receptor gene was identified
as responsible for its increased expression; in contrast, rat pups receiving low maternal
licking and grooming showed greater cytosine methylation at the same promoter site
(Weaver et al., 2002). The observed biological effects and maternal behaviors were
transmitted from female offspring to the next (third) generation (Francis et al., 1999;
Meaney & Szyf, 2005). This elegant series of studies provides a clear molecular link
between an early environment influence (in this case maternal behavior) and gene
expression, producing functional biological correlates in endocrine and behavioral measures
related to stress reactivity (Weaver, 2007). As such, these studies offer proof of concept for
intergenerational transmission of vulnerability to stress related consequences and detail a
plausible mechanism for explaining how childhood adversity increases risk for the
development of PTSD following traumatic events experienced in adulthood (Seckl, 2008;
Seckl & Meaney, 2006; Yehuda & LeDoux, 2007).
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It has been striking to observe that the neuroendocrine findings associated with high licking
and grooming mothers parallel those associated with PTSD and PTSD risk (Yehuda &
Bierer, 2008). PTSD and PTSD risk have been associated with relatively lower basal cortisol
levels, a greater number of glucocorticoid receptor (on lymphocytes), and greater cortisol
suppression in response to dexamethasone, a synthetic glucocorticoid administered orally to
test the responsivity of the peripheral (pituitary) glucocorticoid receptor (Yehuda, 2002).
Adult rats that were exposed to higher licking and grooming mothers also showed an
attenuated cortisol response to stress, which has been largely interpreted as protective
(Barha, Pawluski, & Galea, 2007). In that low basal cortisol levels in the acute aftermath of
trauma have been linked with the subsequent development of PTSD (Yehuda, McFarlane, &
Shalev, 1998), this may reflect an altered endocrine set-point resulting from
hypomethylation. Lower cortisol levels at the time of a traumatic exposure would lead to
sustained elevations of stress-induced catecholamine levels, facilitating consolidation of
traumatic memories (Yehuda 2002).

In contrast to the findings associated with PTSD, in MDD, the glucocorticoid receptor are
less responsive (Pariante & Lightman, 2008), similar to pups that receive low licking and
grooming, alterations that may also reflect glucocorticoid programming (Oberlander et al.,
2008). With increased methylation of the glucocorticoid receptor gene promoter, reduced
expression would diminish glucocorticoid receptor responsiveness, increasing cortisol
levels. Increased methylation, in a homologous region of the glucocorticoid receptor gene in
which such changes were observed in rats exposed to variations in maternal care as pups,
was recently observed in post-mortem hippocampal tissue of suicide victims (most with
MDD) in association with history of childhood trauma exposure (McGowan et al., 2009). A
study of cord blood from infants born to depressed mothers similarly found increased
methylation that predicted subsequent infant cortisol levels and cortisol responses to stress
(Oberlander et al., 2008). In that study, levels of methylation were linearly associated with
cortisol responses in the infants.

Relevance of Epigenetics to Familial (Maternal) Transmission of PTSD

There have been no empirical demonstrations of epigenetic modifications per se in
association with PTSD or PTSD risk. However, we recently observed that while maternal
and paternal PTSD were equally associated with increased prevalence of depression, only
maternal PTSD was associated with PTSD in Holocaust offspring (Yehuda et al., 2008).
These findings are presented in Figure 1. The increased prevalence of PTSD by maternal
PTSD complements the observation of low cortisol levels in association with maternal
PTSD (Yehuda et al., 2007).

Although previous studies have implicated both maternal and paternal trauma exposure as
significant predictors of PTSD in offspring (e.g., Dijani¢ Plas¢ et al., 2007; Meijer, 1985),
few studies to date have been able to examine the impact of having two parents exposed to
the same event. Had maternal or paternal PTSD resulted in a comparable effect on offspring,
this would be consistent with contemporary models of GXE interactions (in which two
parents could equally contribute to the “genetic” component or collectively influence the
“environmental” aspects). Although genetics cannot be ruled out as an explanation of the
increased risk for PTSD in offspring with maternal compared to paternal PTSD, epigenetic
mechanisms would be sufficient to explain the preferential contribution of maternal PTSD to
offspring PTSD risk (Maurel & Kanellopoulos-Langevin, 2008).

One explanation for the increased risk conferred by maternal PTSD may involve variations
in maternal care. Disrupted post-natal maternal attachment with consequent deficits in the
development of appropriate emotional regulation in the infant has been noted in association
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with increased risk for PTSD (Charuvastra & Cloitre, 2008). In the animal model linking
variations of maternal care to glucocorticoid programming, increased licking and grooming
has been interpreted as beneficial (Barha et al., 2007). However, the attribution of a positive
valence to enhanced licking and grooming should not discourage translation of this
important animal model to PTSD. The anthropomorphic notions that more infant contact
means better parenting in rats has often been supported by observation of lower cortisol
responses to perturbations or stressors in pups of high licking mothers than is evidenced by
pups of low licking and grooming mothers. However, this interpretation fails to consider that
mounting a cortisol response to a stressor is an adaptive response (Yehuda & McEwen,
2004).

The primary reason to link the early handling phenomenon in rats with transgenerational
vulnerability is that it offers a mechanism through which environmental exposures can result
in persisting alterations in glucocorticoid receptor expression that underlie individual
differences in endocrine function that strongly resembles those observed in PTSD and PTSD
risk. Maternal PTSD may confer risk for PTSD in offspring by modifying biological
substrates that will influence how the offspring will respond to a future environmental
challenge. What gets programmed may simply be the set point of cortisol secretion and an
enhanced capacity for responsiveness of the HPA axis.

Furthermore, what may seem a protective maternal behavior in an animal may be different
in the context of human behavior. Offspring of Holocaust survivor mothers with PTSD rated
them as more overprotective than did offspring of Holocaust survivor mothers without
PTSD, and cortisol levels in Holocaust offspring were inversely related to ratings of
maternal overprotection (Yehuda & Bierer, 2008). A frequent clinical complaint of
Holocaust survivor offspring is that increased attention reflected a greater reluctance on their
mothers' part to undergo voluntary separation, resulting in less secure attachments (Yehuda,
Blair, Labinsky, & Bierer, 2007; Yehuda & Bierer, 2008). Thus, Holocaust survivor
offspring report childhood histories that are not incompatible with having had mothers who
excessively “licked and groomed,” but unlike rodents, this cohort can articulate the
subjective emotional consequences of such behaviors.

Epigenetic Mechanisms in Utero: Relevance to PTSD

The finding of lower salivary cortisol levels in infants of mothers who developed PTSD and
low cortisol as a result of their exposure while pregnant to the 9/11/01 attacks on the World
Trade Center in comparison to infants of similarly exposed mothers who did not develop
PTSD (Yehuda et al., 2005) may also reflect glucocorticoid programming (Seckl & Meaney,
2006). That in utero epigenetic mechanisms are involved is implied by a trimester effect on
cortisol levels in offspring (Figure 2). Exposure to stress in utero results in developmental
programming of tissue structure and function associated with cortisol and cortisol
metabolism in the fetus, and later, adult offspring. Exposing animals and humans to
glucocorticoids during pregnancy (particularly in the second and third trimesters) reduces
offspring birth weight (Drake, Walker, & Seckl, 2005). Low birth weight is associated with
the subsequent development of cardiometabolic disorders, such as hypertension, type 2
diabetes, and cardiovascular disease (Kajantie, 2006; Seckl, 1994). Low birth weight
following maternal stress has also been linked with the development of behavioral and
psychiatric problems (Susser et al., 1996). Indeed, infants of mothers exposed to the attacks
of 9/11 were born small for their size (Berkowitz et al., 2003).

The trimester effect observed above for salivary cortisol of infant offspring of mothers with
PTSD may be explained by direct effects of the trauma in utero or by related factors such as
the temporal proximity of the birth to the trauma, potentially affecting maternal behavior,
and resulting in greater postnatal disruptions in domains of attachment or other aspects of
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maternal care. Similarly, that increased PTSD risk and decreased cortisol associate with
maternal PTSD in Holocaust survivor offspring might be explained by in utero changes.
Regardless, the biological findings from these two disparate samples of offspring provide
clinical support to the considerable theoretical rational for examining the involvement of
epigenetic mechanisms in PTSD vulnerability.

Interaction of Genetics and Epigenetics

As stated above, it is not known whether epigenetic modifications are more likely to occur
in specific gene variants. However, epigenetic modification may explain why similar “risk
alleles” demonstrate opposite levels of gene expression. For example, the FKBP5 gene
codes for a protein that is a co-chaperone of the glucocorticoid receptor, influencing its
responsiveness. The same polymorphism of this gene has been associated with depression
(Binder et al., 2004), and interacts with childhood abuse to increase risk for PTSD in
traumatized adults (Binder et al., 2008; Yehuda et al., 2009). In depression, however,
increased FKBP5 gene expression was observed, and was positively associated with
increased cortisol levels (Binder et al., 2004). In PTSD, decreased FKBP5 gene expression
was observed in association with low cortisol levels (Yehuda et al., 2009). That the risk
polymorphism may lead to functionally different consequences demonstrates the importance
of obtaining information about molecular mechanisms regulating the activity of specific
genes. Ultimately, it will be important to evaluate how genotype and epigenetic
modifications of many genes interact. Indeed, this will undoubtedly explain what may to
some seem like paradoxical observations (e.g., that childhood abuse is a risk factor for both
PTSD and depression are underpinned by glucocorticoid programming alterations in
opposite directions.

Implications for DSM-V

If epigenetic contributions influence the prevalence and phenomenology of PTSD, this
would have implications with respect to two major issues currently under debate in the
context of the DSM-V. The first concerns the definition of Criterion A and the second
concerns whether PTSD should be considered an anxiety disorder vs. a stress disorder.

Much discussion has been focused on attempting to determine the type of events that
precipitate PTSD. Comparatively little attention, however, has been afforded to
understanding focal traumatic events (i.e., the exposures that precipitate PTSD expression)
in the context of prior experience. Furthermore, the effects of single events might differ
significantly from those associated with multiple exposures. These concepts have not been
well-represented in previous iterations of Criterion A. The idea of vulnerability also implies
that the threshold of trauma severity to an adult event may be influenced by prior exposures,
explaining marked individual variation in prevalence rates by trauma types (Kessler et al.,
1995).

There has been a longstanding dialectic in stress research between the sensitizing versus
inoculating effects of prior trauma (Yehuda & LeDoux, 2007). Whether or not a prior event
mediates or moderates the response to a subsequent event may depend on the nature of both,
in the context of other developmental experiences. For example, Holocaust offspring are
more likely to develop PTSD following traumatic experiences involving interpersonal loss,
but may be relatively resilient to those involving accident and disaster (Kellerman, 2001).
The effects of early experience may not only depend on what occurred, but on the timing of
the occurrence.

Epigenetic modifications are ideally suited to explain PTSD phenomenology in that they
affirm the centrality of trauma exposure in PTSD and PTSD risk. Current deliberations

J Trauma Stress. Author manuscript; available in PMC 2011 April 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Yehuda and Bierer

Page 8

pertaining to the DSM-V concern whether PTSD should be classified as a stress disorder,
which would be a new category, or should remain classified as an anxiety disorder.
Epigenetic mechanisms permit an understanding of how predisposing and traumatic
exposures are integrated to account for individual differences in response bias, and explain
the relative permanence of biological and associated psychological features that are central
to PTSD. An etiology that integrates the presence of epigenetic modifications supports a
conception of PTSD as a disordered stress response due, in part, to earlier or predisposing
influences.

Conclusions

The major advance made by the diagnosis of PTSD in 1980 was in emphasizing the
importance of trauma exposure as a major etiologic factor in the development of chronic
symptoms. It is important to preserve this conception in the future diagnostic formulation of
PTSD. This is in part accomplished by identifying and reinforcing the potential etiologic
importance of mechanisms by which environmental exposures can modify gene expression.
Epigenetic modifications are conceptually distinguished from GXxE interactions, which do
not place the emphasis on exposure as a principal source of variability. While genes of
interest are likely to be identified in association with vulnerability to trauma exposure or
even specific trauma types, there is less anticipation of a prominent role for genotype in
vulnerability to PTSD. This would be reminiscent of the DSM-1I where prolonged responses
to adversity were based on a predetermined diathesis of non-environmental origin.

The application of epigenetic methods to the field of PTSD represents an exciting frontier
because of their ability to account for individual differences in response to trauma based on
environmental exposures that permanently alter gene function. Integrating epigenetics into a
model that permits prior experience to have a central role in determining individual
differences is also consistent with a developmental perspective of PTSD vulnerability.
Importantly, an appreciation of the mechanisms through which experience may alter the
expression of genes regulating biological substrates critical to PTSD pathophysiology may
help establish relevant biological subtypes of the disorder.
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n=73)

Fig. 1.

Psychiatric diagnoses in offspring of Holocaust survivors and comparison subjects ('No
Parental Exposure' group) according to parental PTSD diagnosis. Data are redrawn from
means presented in Yehuda et al. (2008). Effects of having maternal PTSD, paternal PTSD
and both parents with PTSD were tested by x2, controlling for age, gender and PTSD in the
other parent. Results demonstrated significant effects of maternal but not paternal PTSD on
the occurrence of offspring PTSD: paternal PTSD, ¥2 (1, N = 234) = 1.18, ns; maternal
PTSD (42 (1, N = 234) = 6.49, p < 0.05; and the maternal PTSD x paternal PTSD
interaction, ¥2 (1, N = 234) = 5.51, p < 0.05.
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Fig. 2.

Awakening and bedtime salivary cortisol levels of infants born to mothers exposed to the
World Trade Center disaster of 9/11/2001 divided on the basis of subsequent development
of maternal PTSD are presented in Yehuda et al. (2005). Examination of maternal PTSD
effects on infant salivary cortisol in each trimester separately revealed a significant effect
only in the third trimester, F(1, 12) =10.86, p < .05, controlling for maternal age.
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